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Violation of the Kubo-Martin-Schwinger condition along a Rindler trajectory in
polymer quantization
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Existence of Unruh effect is often understood from the property of two-point function along
Rindler trajectory where it satisfies KMS condition. In particular, it exhibits the so-called KMS
periodicity along imaginary time direction. Corresponding period is then identified with reciprocal of
Unruh temperature times Boltzmann constant. We show here that the two-point function including
leading order perturbative corrections due to polymer quantization, the quantization method used
in loop quantum gravity, violates KMS condition in low-energy regime. This violation is caused
by correction terms which are not Lorentz invariants. Consequently, polymer corrected two-point
function along Rindler trajectory looses its thermal interpretation. We discuss its implications on
existence of Unruh effect in the context of polymer quantization.
PACS numbers: 04.62.+v, 04.60.Pp
I. INTRODUCTION
With respect to a uniformly accelerating observer,
Fock vacuum state appears as a thermal state rather than
a zero-particle state. This phenomena is referred as Un-
ruh effect [1–6] and it is an important result of standard
quantum field theory when applied to a curved spacetime
[7, 8]. Unruh effect can be realized in many different
ways. Firstly, one can employ the method of Bogoliubov
transformation in which one computes expectation value
of number density operator associated with the acceler-
ating observer, in Fock vacuum state. The result of this
computation turns out to be a blackbody distribution of a
given temperature known as Unruh temperature. In this
method, one needs to include contributions from trans-
Planckian modes as seen by an inertial observer. This
particular aspect makes Unruh effect to be a potentially
interesting arena for understanding and exploring impli-
cations of Planck-scale physics [9–11]. In particular, one
may use it for probing a candidate theory of quantum
gravity as trans-Planckian modes are expected to receive
significant modifications from it. While the method of
Bogoliubov transformation is conceptually simpler but it
requires sophisticated regularization techniques to deal
with associated field theoretical divergences. Therefore,
it is often imperative to understand the origin of Unruh
effect using different methods.
In quantum statistical mechanics, it is well known that
Gibbs ensemble average of two-point function which is
in thermal equilibrium with a reservoir satisfies the so-
called Kubo-Martin-Schwinger (KMS) condition [12–14].
In particular, thermal two-point function exhibits peri-
odicity with a twist along imaginary time direction [15].
Corresponding period is then identified with reciprocal of
reservoir temperature times Boltzmann constant. Subse-
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quently, this property is used in reverse to argue that if
a two-point function computed in a state, satisfies KMS
condition then one can associate a thermal characteris-
tic to the state. As an example, it can be shown that
two-point function computed in Fock vacuum state and
when viewed along the trajectory of a uniformly acceler-
ating observer, appears like a thermal two-point function
[16, 17] as it satisfies KMS condition. The corresponding
KMS period then leads to a reservoir temperature which
is precisely equal to Unruh temperature.
As mentioned earlier, in the method of Bogoliubov
transformation, one needs to include trans-Planckian
modes. These modes are expected to be modified sig-
nificantly by Planck-scale physics. Therefore, one is nat-
urally led to ask whether the effects from a theory of
Planck scale physics can alter a few specific properties
of two-point function even in low-energy regime. In par-
ticular, one can ask whether the corrections from such a
theory can lead to a violation of KMS condition. In this
paper, we perform the task in the context of polymer
quantization.
Polymer quantization or loop quantization [18, 19] is
a quantization method which is used in loop quantum
gravity [20–22]. It differs from Schro¨dinger quantization
in several aspects when applied to a mechanical system.
In particular, apart from Planck constant ~, it comes
with a new dimension-full parameter. In the context of
full quantum gravity, this new scale would correspond to
Planck length. Secondly, kinematical Hilbert space be-
ing non-separable, one cannot define both position and
momentum operators simultaneously in polymer quanti-
zation but only one of them. Due to the non-separability
of kinematical Hilbert space, the Stone-von Neumann
uniqueness theorem is also not applicable. These as-
pects make polymer quantization unitarily inequivalent
to Schro¨dinger quantization [18]. Therefore, in princi-
ple, one can get a different set of results from polymer
quantization.
In usual derivation of two-point function in Fock space,
the field operator is expressed in terms of creation and
2annihilation operators of different Fourier modes. Each
of these modes behaves as a mechanical system cor-
responding to a decoupled harmonic oscillator. Sub-
sequently these modes are quantized using Schro¨dinger
quantization method. In polymer quantization of these
modes, the notions of creation and annihilation operators
are not readily available. Therefore, following reference
[23], we use a slightly improvised method in which two-
point function is derived using energy spectrum of these
modes.
In section II, we briefly review some aspects of a uni-
formly accelerating observer and its associated Rindler
spacetime. In section III, we revisit KMS condition in
the context of quantum statistical mechanics. In section
IV, we consider a massless scalar field to compute two-
point function in both Fock and polymer quantization.
Then we show that polymer corrected two-point function
along Rindler trajectory does not satisfy KMS condition.
Consequently, polymer corrected two-point function for
Rindler observer looses its thermal interpretation. The
results shown here is consistent with the result of [24]
where it is shown using method of Bogoliubov transfor-
mation that Unruh effect is absent in polymer quantiza-
tion.
II. RINDLER OBSERVER
A section of Minkowski spacetime when viewed from
a uniformly accelerating frame, can be described by
Rindler metric. Using conformal Rindler coordinates
x¯α = (τ, ξ, y, z) ≡ (τ, ~ξ) together with natural units
(c = ~ = 1), Rindler metric can be expressed as [25]
ds2 = e2aξ
(−dτ2 + dξ2)+dy2+dz2 ≡ gαβdx¯αdx¯β . (1)
The parameter a here denotes magnitude of acceleration
4-vector. To an inertial observer who uses the coordi-
nates xµ = (t, x, y, z) ≡ (t,x), the Minkowski metric
would appear as ds2 = ηµνdx
µdxν = −dt2+ dx2 + dy2 +
dz2. If the uniformly accelerating observer, referred as
Rindler observer, moves along +ve x-axis with respect to
the inertial observer then their coordinates are related to
each other as
t =
1
a
eaξ sinh aτ , x =
1
a
eaξ coshaτ . (2)
The y and z coordinates are related trivially. The equa-
tion (2) makes it clear that Rindler spacetime covers
only a wedge-shaped region, referred as Rindler wedge,
of Minkowski spacetime.
III. KMS CONDITION
In quantum statistical mechanics, Gibbs ensemble av-
erage of an observable Oˆ which is in thermal equilibrium
with a reservoir of temperature T , can be expressed as
〈Oˆ〉β = Z−1Tr
[
e−βHˆOˆ
]
, (3)
where β = 1/kBT , Hˆ is the associated Hamiltonian op-
erator and Z = Tr
[
e−βHˆ
]
is the corresponding partition
function. Here kB refers to Boltzmann constant. If we
consider the observable to be Oˆ = φˆ(τ, ~ξ) φˆ(τ ′, ~ξ′) where
φˆ(τ, ~ξ) is a given field operator, then thermal two-point
function associated with the field can be expressed as
〈φˆ(τ, ~ξ)φˆ(τ ′, ~ξ′)〉β = Z−1Tr
[
e−βHˆ φˆ(τ, ~ξ)φˆ(τ ′, ~ξ′)
]
. (4)
Using time evolution of the field operator as φˆ(τ, ~ξ) =
eiHˆτ φˆ(0, ~ξ)e−iHˆτ and invariance of trace under cyclic per-
mutation, one can easily show that
〈φˆ(τ, ~ξ)φˆ(τ ′, ~ξ′)〉β = 〈φˆ(τ ′, ~ξ′)φˆ(τ + iβ, ~ξ)〉β . (5)
The equation (5) is commonly referred as Kubo-Martin-
Schwinger (KMS) condition [13, 14]. One may note that
relative position of field operators in two sides are in-
terchanged. Therefore, corresponding periodicity of two-
point function along imaginary time direction (5) is often
referred as periodicity with a twist [15].
IV. MASSLESS SCALAR FIELD
The dynamics of a massless scalar field Φ(x) in
Minkowski spacetime is governed by the action
SΦ =
∫
d4x
[
−1
2
√−ηηµν∂µΦ(x)∂νΦ(x)
]
. (6)
In this paper, we are mainly interested in employing poly-
mer quantization scheme which is a canonical quantiza-
tion method. Therefore, it is necessary for us to compute
the Hamiltonian associated with the action (6). By con-
sidering spatial hyper-surfaces which are labeled by t, one
can compute corresponding Hamiltonian as
HΦ =
∫
d3x
[
Π2
2
√
q
+
√
q
2
qab∂aΦ∂bΦ
]
, (7)
where qab is the metric on spatial hyper-surfaces. Poisson
bracket between the field Φ = Φ(t,x) and the conjugate
field momentum Π = Π(t,x) are given by
{Φ(t,x),Π(t,y)} = δ3(x− y) . (8)
A. Fourier modes
We define Fourier modes for the scalar field and its
conjugate momentum in Minkowski spacetime as
Φ =
1√
V
∑
k
φ˜k(t)e
ik·x, Π =
1√
V
∑
k
√
q π˜k(t)e
ik·x, (9)
3where V =
∫
d3x
√
q is the spatial volume. For
Minkowski spacetime, the spatial volume diverges given
the space is non-compact. Therefore, in order to avoid
dealing with divergent quantity, one considers a fiducial
box of finite volume. In such situation, Kronecker delta
and Dirac delta are expressed as
∫
d3x
√
q ei(k−k
′)·x =
V δk,k′ and
∑
k e
ik·(x−y) = V δ3(x − y)/√q. In terms of
Fourier modes (9), the Hamiltonian (7) can be expressed
asHΦ =
∑
kHk, where Hamiltonian density for the k−th
mode is
Hk = 1
2
π˜−kπ˜k +
1
2
|k|2φ˜−kφ˜k . (10)
Corresponding Poisson bracket is given by
{φ˜k, π˜−k′} = δk,k′ . (11)
By redefining complex-valued modes φ˜k and momenta π˜k
in terms of real-valued functions φk and πk such that
reality condition of the scalar field Φ is ensured, one can
express Hamiltonian density and Poisson bracket as
Hk = 1
2
π2k +
1
2
|k|2φ2k ; {φk, πk′} = δk,k′ . (12)
This is the usual Hamiltonian for a set of decoupled
harmonic oscillators. If we denote energy spectrum of
these quantum oscillators as Hˆk|nk〉 = E(k)n |nk〉 then
corresponding vacuum state can be expressed as |0〉 =
Πk ⊗ |0k〉.
B. Two-point function in Minkowski spacetime
In position space two-point function using Minkowski
coordinates can be written as
G(x, x′) ≡ 〈0|Φˆ(x)Φˆ(x′)|0〉 = 〈0|Φˆ(t,x)Φˆ(t′,x′)|0〉 (13)
where |0〉 denotes corresponding vacuum state. Using
definition of Fourier modes, one can express two-point
function (13) as
G(x, x′) =
1
V
∑
k
Dk(t, t
′) eik·(x−x
′), (14)
where the matrix element can be written as
Dk(t, t
′) = 〈0k|eiHˆktφˆke−iHˆkteiHˆkt
′
φˆke
−iHˆkt
′ |0k〉. (15)
We now remove the fiducial volume by taking the limit
V → ∞. This essentially requires that we replace the
sum 1
V
∑
k by an integration
∫
d3k
(2π)3 . Thanks to the
definition of Fourier modes (9), the equation (12) is in-
dependent of the fiducial volume. Therefore, two-point
function (14) becomes
G(x, x′) =
∫
d3k
(2π)3
Dk(t, t
′) eik·(x−x
′) . (16)
Using energy spectrum and expanding the state φˆk|0k〉
in the basis of energy eigenstates as φˆk|0k〉 =
∑
n cn|nk〉,
one can reduce the matrix element as
Dk(t− t′) ≡ Dk(t, t′) =
∑
n
|cn|2e−i∆En(t−t
′), (17)
where ∆En ≡ E(k)n −E(k)0 and cn = 〈nk|φˆk|0k〉. We shall
see later that k dependence of Dk(t − t′) is through |k|.
So above integration can be evaluated conveniently by
using polar coordinates in momentum space as
G(x, x′) =
∫
k2dk
4π2
Dk(∆t)
∫
sin θdθ eik|∆x| cos θ, (18)
where k = |k|, ∆x = x−x′ and ∆t = t− t′. By carrying
out θ integration one can express the two-point function
as
G(x, x′) = G+ −G− , (19)
where
G± =
i
4π2|∆x|
∫
dk kDk(∆t) e
∓ik|∆x| . (20)
1. Fock quantization
In Fock space, Fourier modes, as represented by equa-
tion (12), are quantized using Schro¨dinger quantization
method. It is straightforward to compute corresponding
energy spectrum and the coefficients cn as
Enk =
(
n+
1
2
)
|k| ; ∆En = n|k| ; cn = δ1,n√
2|k| . (21)
The expressions as given in (21), led to a simpler form of
the matrix element
Dk(∆t) =
1
2|k|e
−i|k|∆t . (22)
Along a timelike trajectory (∆t±|∆x|) is always positive
when ∆t > 0. So by defining a new variable u = k(∆t±
|∆x|), we can transform the expression of G± (20) in
Fock space as
G± =
i
8π2|∆x|
I0
(∆t± |∆x|) , (23)
where In =
∫∞
0 du u
ne−iu. We need to evaluate In only
for n = 0 here. However for later convenience, we evalu-
ate In for n ≥ 0. Firstly we note that integral expression
of In is formally divergent. Therefore, in order to regu-
late it, we introduce a small, positive parameter ǫ in the
integrand such that regulated expression of In becomes
Iǫn =
∫ ∞
0
du une−iu−ǫu =
Γ(n+ 1)
(i+ ǫ)n+1
. (24)
4Using regulated Iǫn, it is straightforward to simplify the
two-point function as
G(x, x′) =
(1− iǫ)−1
4π2∆x2
, (25)
where ∆x2 = −∆t2 + |∆x|2 is Lorentz invariant space-
time interval.
2. Polymer quantization
Polymer quantization comes with a new dimension-full
parameter say l⋆ which is analogous of Planck length in
full quantum gravity. For each Fourier mode, one may
define a dimensionless parameter g = |k| l⋆. It signifies
the scale of polymer corrections. Energy eigenvalues for
k−th oscillator in polymer quantization [23] are given by
E2nk
|k| =
1
4g
+
g
2
An(g) ,
E2n+1k
|k| =
1
4g
+
g
2
Bn+1(g) , (26)
where n ≥ 0, An and Bn are Mathieu characteristic
value functions. The corresponding energy eigenfunc-
tions are ψ2n(v) = cen(1/4g
2, v)/
√
π and ψ2n+1(v) =
sen+1(1/4g
2, v)/
√
π where v = πk
√
l⋆ + π/2. The func-
tions cen and sen are solutions toMathieu equation. They
are referred as elliptic cosine and sine functions respec-
tively [26]. We may emphasize here that in order to arrive
at these π-periodic and π-antiperiodic states in v, one in-
vokes superselection rules motivated by the symmetry of
associated potential in energy eigenvalue equation. In
particular, the potential when expressed in terms of the
variable v, is periodic with period π. The corresponding
energy eigenvalues are then expressed exactly in terms of
Mathieu characteristic value functions An and Bn. Hav-
ing exact energy spectrum allows one to study different
aspects of the system analytically. Furthermore, with-
out imposition of superselection rules some aspects of the
given system are known to be problematic [27]. In par-
ticular, it is shown that even basic notions of statistical
entropy, canonical partition function for such a system
become ill-defined due to the effective infinite degener-
acy of the energy eigenvalues in polymer quantization,
unless one invokes some superselection rules [27].
Unlike Fock space, matrix element Dk(∆t) (17) does
not appear to be exactly summable given all c4n+3 =
i
√
l⋆
∫ 2π
0 ψ4n+3∂vψ0dv (for n = 0, 1, 2, . . .) are non-
vanishing in polymer quantization. However, asymptotic
properties of Mathieu functions are well known and they
may be used to evaluate the matrix element approxi-
mately. Following reference [23], we note that for low-
energy modes (compared to l⋆, i.e. g ≪ 1)
∆E4n+3
|k| = (2n+ 1)−
(4n+ 3)2 − 1
16
g +O (g2) , (27)
for n ≥ 0, and
c3 =
i√
2|k| [1 +O (g)] ,
c4n+3
c3
= O (gn) , (28)
for n > 0. On the other hand for trans-Planckian modes
(i.e. g ≫ 1), we note that
∆E4n+3
|k| = 2(n+ 1)
2g +O
(
1
g3
)
, (29)
for n ≥ 0, and
c3 = i
√
g
2|k|
[
1
4g2
+O
(
1
g6
)]
,
c4n+3
c3
= O
(
1
g2n
)
,
(30)
for n > 0. So in both asymptotic cases, leading con-
tributions to the expression of Dk(∆t) (17) comes from
c3 term compared to other non-vanishing c4n+3 terms.
Therefore, one can approximate matrix element Dk(∆t)
in polymer quantization as
Dpolyk (∆t) ≃ |c3|2e−i∆E3∆t . (31)
Further, we note that for low-energy modes (g ≪ 1),
modulus of the integrand in equation (20) varies as
|k Dpolyk (∆t)| =
1
2
[1 +O (g)] , (32)
whereas for trans-Planckian modes (g ≫ 1), modulus of
the integrand varies as
|k Dk(∆t)| = 1
32g3
[
1 +O
(
1
g4
)]
≪ 1 . (33)
So to evaluate the expression ofG± (20) in polymer quan-
tization, one may restrict the integration along k up to a
pivotal kmax. In other words, polymer corrected super-
Planckian modes do not contribute significantly towards
two-point function as expected. Nevertheless, each low-
energy mode that does contribute to the two-point func-
tion, comes with perturbative polymer corrections.
In order to understand the implications of each correc-
tion terms separately, we parameterize the perturbative
polymer corrections to energy spectrum and coefficient
c3 as
∆E⋆3 = k (1 + δE3 l⋆k) ; |c3|2⋆ =
1
2k
(1 + 2δc3 l⋆k) ,
(34)
where δE3 and δc3 are numerical constants signifying the
deviation from Fock quantization and they carry the label
of their origin. We now express G± (20) with perturba-
tive polymer corrections as
Gpoly± ≃
i
4π2|∆x|
∫ kmax
0
dk k D⋆k(∆t) e
∓ik|∆x| , (35)
where D⋆k(∆t) = |c3|2⋆e−i∆E
⋆
3
∆t. By defining a new vari-
able u = k(∆t±|∆x|+δE3l⋆k∆t), one can transform the
integral (35) as
Gpoly± (x, x
′) ≃ i
8π2|∆x|
[
I0(u
±
0 )
(∆t± |∆x|) +
2l⋆ I1(u
±
0 )
{
δc3
(∆t± |∆x|)2 −
δE3 ∆t
(∆t± |∆x|)3
}]
, (36)
5where In(u
±
0 ) =
∫ u±
0
0 du u
ne−iu with u±0 = u|kmax . In
order to perform perturbative expansion in (36), we have
assumed l⋆kmax∆t ≪ (∆t ± |∆x|). For a given char-
acteristic length scale (∆t ± |∆x|) which is associated
with two-point function, we can choose appropriately
large kmax, such that u
±
0 ≫ 1 yet kmaxl⋆ ≪ 1. This
in turn restricts the domain of perturbation in which
l⋆∆t ≪ (∆t ± |∆x|)2. By introducing a small param-
eter ǫ again as a regulator, we can evaluate the integral
approximately as
Iǫn(u
±
0 ) ≈
Γ(n+ 1)
(i + ǫ)n+1
, (37)
where we have ignored terms which are exponentially
small as u±0 is large but finite. It is now straightforward to
express polymer corrected two-point function, including
leading order perturbative correction terms as
Gpoly(x, x′) ≃ (1 − iǫ)
−1
4π2∆x2
[
1 +
2i δpoly l⋆∆t
(1− iǫ)∆x2
]
, (38)
where δpoly = 2 δc3 + δE3
[
1 + 4(∆t2/∆x2)
]
. We note
that in the limit l⋆ → 0, polymer corrected two-point
function (38) reduces to Fock space two-point function
(25). Leading order polymer correction to the two-point
function is of O (l⋆). However, being purely imaginary
number, leading order polymer corrections to the modu-
lus of two-point function which may have direct observa-
tional relevance, are of O (l2⋆). We also note that leading
order polymer correction terms explicitly violate Lorentz
invariance.
V. RINDLER TWO-POINT FUNCTION
Let us consider a thermal detector which is moving
along Rindler observer and is located at a spatial position
~ξ0 in Rindler frame. If one assumes that the detector is
at thermal equilibrium with a reservoir of temperature T
then thermal two-point function (4) associated with the
detector is
G(τ, τ ′) ≡ 〈φˆ(τ, ~ξ0)φˆ(τ ′, ~ξ0)〉β . (39)
For such a detector, KMS condition (5) then becomes
G(τ, τ ′) = G(τ ′, τ + iβ) . (40)
For simplicity we assume that the detector is located at
the origin of Rindler frame i.e. ~ξ0 = (0, 0, 0) and we
choose τ ′ = 0. Using time evolution of the field operator
φˆ(τ, ~ξ0), one can show that G(τ, 0) = G(0,−τ). Therefore
by defining G(τ) ≡ G(0, τ), we can further simplify KMS
condition (40) as
G(−τ) = G(τ + iβ) . (41)
Now using equation (2), trajectory of the detector can
be expressed as xd(τ) = (sinh aτ/a, coshaτ/a, 0, 0). So
Fock space two-point function (25) along the trajectory
of the detector can be written as
G(τ) ≡ G (xd(τ), xd(0)) = a
2(1− iǫ)−1
8π2(1 − coshaτ) . (42)
Clearly, two-point function (42) satisfies the condition
G(−τ) = G(τ + iβ) with β = 2π/a. In other words,
two-point function computed in Fock vacuum but when
viewed from a uniformly accelerating frame i.e. Rindler
frame, appears to satisfy KMS condition (41). Therefore,
one may conclude that with respect to Rindler observer,
Fock vacuum appears like a thermal reservoir of tem-
perature T = a/2πkB which is precisely equal to Unruh
temperature.
Following similar setup as in Fock space, polymer cor-
rected two-point function (38) along the trajectory of
the detector in Rindler frame can be expressed, within
the domain of perturbation given by l⋆ ≪ ∆t(τ) and
a2l⋆∆t(τ)≪ 1, as
Gpoly(τ) =
a2(1 − iǫ)−1
8π2(1− coshaτ)
[
1 + ∆G
(1)
⋆ +O(l2⋆)
]
,
(43)
where
∆G
(1)
⋆ =
il⋆a sinhaτ [2δc3 − δE3(1 + 2 coshaτ)]
(1− iǫ)(1− coshaτ) . (44)
We note that unlike in the case of Fock space, polymer
corrected two-point function (43) does not satisfy KMS
condition (41) given
Gpoly(−τ) 6= Gpoly(τ + iβ) . (45)
Therefore, polymer corrected two-point function along
Rindler trajectory looses its thermal interpretation.
From equation (43, 44), it is clear that this violation
of KMS condition occurs precisely due to the polymer
correction terms. In particular, polymer correction term
involving δE3 makes dominant contribution to the viola-
tion of KMS condition as it contains coshaτ term. Con-
tribution from the term involving δc3 is comparatively
negligible. In other words, polymer corrections to en-
ergy spectrum of Fourier modes is the primary cause that
leads to the violation of KMS condition. This violation
also does not depend on any specific numerical values of
δc3 and δE3. KMS condition is restored if one takes the
limit l⋆ → 0.
We may note here that unlike Fock quantization there
are infinitely many non-vanishing coefficients cn in poly-
mer quantization. Further, the energy gaps ∆En depend
non-linearly on n. Therefore, although we have used a
particular superselected sector, given the form of equa-
tion (17), it is highly unlikely that any other choice of
superselection could have preserved KMS condition.
VI. DISCUSSIONS
In quantum statistical mechanics, Gibbs ensemble av-
erage of a two-point function which is in equilibrium with
6a thermal reservoir, satisfies KMS condition. This prop-
erty is often used in reverse to argue that if a two-point
function computed in a given state satisfies KMS con-
dition then the state appears as a thermal state to the
concerned observer. As an example, expectation value
of number density operator in Fock vacuum state with
respect to a uniformly accelerating observer i.e. Rindler
observer, turns out to be a Plank distribution with tem-
perature T = a/2πkB. One can arrive at the same
conclusion from the property of two-point function as-
sociated with Rindler observer. In particular, two-point
function along Rindler trajectory satisfies KMS condition
with KMS period along imaginary time being β = 2π/a.
This in turns implies corresponding reservoir tempera-
ture to be T = a/2πkB.
In this paper, by computing leading order perturbative
corrections from polymer quantization, we have shown
that polymer corrected two-point function along Rindler
trajectory violates KMS condition. Consequently, corre-
sponding two-point function looses its thermal interpre-
tation. This violation is caused by polymer correction
terms which are not Lorentz invariants. Intuitively, this
loss of thermal characteristic can also be understood from
the following arguments. A non-periodic function can be
viewed as a periodic function but with a infinite period.
In this sense, the ‘loss of KMS periodicity with a twist’
can be viewed as if KMS period β is becoming infin-
ity. This in turn implies that corresponding temperature
T (∼ 1/β) is becoming zero. Therefore, the result shown
here is consistent with the result of [24] where it is shown
using method of Bogoliubov transformation that Unruh
effect is absent in polymer quantization. In both meth-
ods, polymer correction to the energy spectrum of Fourier
modes that leads to the loss of thermal characteristic.
In reference [28], the author has claimed that since
LQG would reproduce Fock space two-point function
at zeroth order then it should satisfy KMS condition.
Therefore, ‘LQG predicts Unruh effect’ [28]. This argu-
ment is flawed as it tries to completely ignore all possible
polymer corrections involving the new scale l⋆. In fact,
we have shown here that violation of KMS condition oc-
curs precisely due to polymer correction terms. Repro-
duction of Fock-space two-point function at zeroth order
is a minimum requirement of viability and it does not
imply that polymer quantization would predict exactly
same physics as in Fock space.
We emphasize that the violation of KMS condition in
Rindler frame as shown here, may not necessarily imply
that there will be a violation of KMS condition in the
context of black hole spacetime. There are several prop-
erties and steps which have been used here may not go
through in case of a black hole spacetime [29]. Neverthe-
less, it would be interesting to carry out a similar analysis
for a black hole space time. Based on the results shown
here, we would like to reiterate that experimental de-
tection of Unruh effect potentially can be used to either
verify or rule out certain candidate theory of quantum
gravity which affects matter quantization as described
here. We conclude by acknowledging that several exper-
imental proposals have been made in literature to test
Unruh effect in laboratory [30–32].
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